hEERCE R 9555 SOl 2026479
Journal of China Medical University Vol.55 No.9 Sep. 2026 <783 -

B $HE TR & i/ B 4i B P2X7R/NLRP315 518 IR B 5
L2 TR TR I

B ARIR R
(AT — BBt B, it 430022)

HME BB Wi w4 (EA) 3@ a8 38 5881 IR 28 JEP2X TR/NLRP3AE 5 18 5408, 3% b 22 % F2 M 8 95 (NP) 4945 A BALH 7
R ORA AR AY 2 IR (SNI) E M R SNPEA K R AL A F R (Sham) 48 SNIZL EAZL EA+BzATP4E,
8 R . EALAEA+BzATPLL A BER L X | FB R RATEAT IR, 10k/d, 38 257 d, F- R o 4T 45 R 10 minJG IR iE 4 4 32 3R 3,
BzATP (50 pg/kg) o4l X KA L 2R BIMEL (MWT) 24 45 2R R 80 (TWL) o J8 S 98 5¢ 8 4 & WL A-3 NI 4m B 74X
K& BP2XTR /Iba-1" 3k Z A K-F ; MELISAKR A3 & 20 i/ (IL) -1B.IL-184 2 ; Al Western blotting# | 4% P2X7R/NLRP3
5 EBARE TG BT K B F A R 5ShamB b4, SNIZE K AMWT  TWLE 3 4K, 53 /ISR 20 6 206 10k
A, P2X7R/NLRP343 5 i 3 A0 X & G ZAL K M am IR F R A 2 F 90 & (P < 0.001) ; 5SNIZ LA, EAA X AMWT TWLE %
&, DR EA A A2 T B AR R R G BAR K F Ak 25 T (P <0.001) o BZATP ¥ B4 24EA#) Lik i
¥R (P <0.001) i EAT R F K ENPK K67 50840, FAE A AUH] 5 5] B30 D IR R 4w B 7& 4L 37 H1 P2XTR/NLRP342
538 FE I E BB, AR FPE 2 i B TR AR K, P2XTR T A A EA K AR AR IR VR R 6 K e

KEERE WA A ZURIAEE R A IR R A i P2XTR/NLRP34Z 5 38 %%

RESHES R245.9 XHEARERD A MERS  0258-4646 (2026) 09-0783-06

2% HARHE  hiips:/link.cnki.net/urlid/21.1227.R.20260921.1353.006

DOI: 10.12007/j.issn.0258-4646.2026.09.003

Electroacupuncture alleviates neuropathic pain by regulating the P2X7R/NLRP3
signaling pathway in spinal microglia

FAN Zhan,ZOU Jing, LE Wei
(Department of Acupuncture and Moxibustion, Wuhan No.1 Hospital , Wuhan 430022, China)

Abstract Objective To investigate the effect and mechanism of electroacupuncture (EA) in alleviating neuropathic pain (NP) by re-
gulating the P2X7R/NLRP3 signaling pathway in spinal microglia. Methods Rats were randomly divided into the following four groups
(n = 8 per group) : Sham, sparing of nerve injury (SNI), EA , and EA+BzATP. The NP model was established in Sprague-Dawley rats by using
the SNI method. In the EA and EA+BzATP groups, EA was applied at the Huantiao and Yanglingquan acupoints once daily for 7 consecu-
tive days. Ten minutes after each EA session, normal saline or 50 pg/kg BzZATP was administered intraperitoneally. Mechanical withdrawal
threshold (MWT) and thermal withdrawal latency (TWL) were measured ,and immunofluorescence staining was used to observe the spinal
microglial activation status and colocalization level of P2X7R"/Iba-17. ELISA was performed to detect IL-1B and 1L-18 levels in the spinal
cord. Western blotting was performed to detect the expression of P2X7R/NLRP3 pathway-related and pro-inflammatory proteins in the
spinal cord. Results Compared with the Sham group,the SNI group showed significantly decreased MWT and TWL, activated spinal
microglia, and significantly increased expression of P2X7R/NLRP3 pathway-related proteins and pro-inflammatory cytokines (P < 0.001).
Compared with the SNI group,the EA group exhibited significantly increased MWT and TWL,inhibited microglial activation,and signi-
ficantly downregulated expression of pathway-related proteins and pro-inflammatory eytokines (P < 0.001). BzATP treatment significantly
reversed the regulatory effects of EA (P < 0.001). Conclusion EA can significantly improve hyperalgesia in NP rats, and its mechanism
is associated with inhibiting the activation of spinal microglia, downregulating the activation of the P2X7R/NLRP3 signaling pathway , and
reducing the release of pro-inflammatory factors. Thus, P2X7R may be a key target for EA to exert its analgesic effects.
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PE T 5 2R SO 5 R VIR ST A ek B T
PRIENPR A 5 40 15 00 1% Lo AL o /I8 Bl 240
PRLICTE 5 AT 2T i A8 0 G SN, T P2X 73 4
(P2X7 receptor, P2XTR) 1 2y /1N s ot 41 Jifd J5% 5 5 I
ISREZAA, FI A A% H IR EE B 4 s & se AR
TN R $R 1 25 H9 352 143 (nucleotide-binding
domain leucine-rich repeat and pyrin domain-containing
receptor 3, NLRP3) A JE/IMAZH 215 1k, £ #F 11 40 i
9 3K (interleukin, IL) -1 TL-18F i, il K 9§ 52 1%
S57 W £l (electroacupuncture, EA) J& £ & J6 J7
PRI 1B T L )2 A I ARNP , AL
il AT E 55 400 B 28 S | VA 4A /) B J5T A0 i A AT
K AR SE 7 1 ) /N A P2 X TR/
NLRP3{5 53 A AR BT AR, H AT v AR B
AWFFER HINP I FRUSTRY , e Ak 7 <5 BH B 2 /i
FTEAT T, FFIA P2XTREF S SI5HI B2 A TP, $0:
EAXS 5 /1N 57 41 LP2X 7R/NLR P35 53 2% 11 14
FEAE B A AL, by il PR N T 285 BEiE
Hefi

1 HR57®

L1 Bk
L1 S50 sh ) 88 S HEPESD R B, 14 #180~230
g, W AT GRIN) A RHE A FRA F) 1Rl 9% T SPF
PIAEE, IE22~25 C, FHXNRES50%~60%, 12 ht/
EARIR AT ARAR I 55— = B S 30 sl i (e 2
A ZE B E [ (2025) 18545 (017) 5] .
1.1.2 FZH 51U B2ATP (3 [HSigmals 7)) 5
TEEBE A28 I AR 38 (enzyme-linked immunosorbent as-
say, ELISA) i85 & (WUMIRFRH ARG R A F]) 5
B 545 GOE 431 (fonized calcium-binding adap-
ter molecule 1,1Ibal) Hii{A& (35 E Proteintech/A 7)) ;5%
JERRIC BT (S E ThermoFisher ScientificZA #]) ; RIPA
P BCASE M E #EIA & ECLAbA & OG5 &
(g 5R = RAEDHEAR A RAF) . SDZ-VH
HLEHY RN BT ST A RS EDD 5 Von Frey 24
2% (3 [HStoeltingZy 1) s BME-410C4x [ 31 #A4 H) 34
A OB 28 SRR AR A BRA R 5 ot R 2 54
B BEZEISSA ) s 26 RS (HAOLYM-
PUSAAH])
1.2 Jik

1.2.1 432 5 7 1 oR FH A B P 22 43 Sk R M 4
153 (sparing of nerve injury,SNI) ¥ #H: 7 NP 7Y 7
FLE IR K BT , 2% 58 H A I A i bl 28, 45 LT 15
Wi Sph 22 SRR, OB A il 22 RIS 3 it 38
T PRIFAT A 2 A S0 2 A B ) >R FH B ML 7 3R
2ok K B 4> ASham4 (SNIZL \EAZH FIEA+BzATP
4, FF2H8H . ShamZH AV i 17 # 48 %% 8 ; SNIZH (. EA
21 EA+BzATPZH 34 JF F7SNIE #4154 5 4K JF
BHEAT T, 2 U I ER Bk T (GB30) 5 BH Bk SR T
(GB34) AT HLUEF T 45K 15 Hz, 13#0.5~1.5 mA, 30
min/U, 1R/, ZE427 d; ShamZH  SNIZHAVAE [ 25K
S o FEREAZS 10 min/5 , EA+BzATPZH I8 15 13 5
50 pgrkg BzATP, HA2H 5 4 e A BER /K . T T4
FG HEATAT R 2R AbFE K RS L UL, ¢ 19 B i
HAF
122 KIFAT AR TSNDR J5 2504 11K,
SR FH B WA R BRATLAR A 2 23T B (mechani-
cal withdrawal threshold, MWT) 03445 & Sz S 1 AR
(thermal withdrawal latency, TWL) ., MWTX FVon
Frey£F 4t 22 3R BRAT RIS, 105 51 & 45 2 SN 1)
e/ NRRECTT o TWLSR FHFAIRR SIS RR 5 R BRI
TE SRR R I3 R0, K BT S T130 s
1.2.3  REEDOCYL . 8 B 2 R K B A
2,555 wm?@ AR YD o B U1 5% 97 11 1
0.3% Triton X-100Z R E A1 h, il JIba-1—HT,
(1 = 100) 4 “Cib &, PBSUE )T , IFITCARIC — 9L,
(1 : 50) ZUREE2 h, DAPIYLA% , £ H 5 9% B0
BEEE , FHlTmagel 5K /F43 M Tba- 14 AL £ /mm? . XUAR -
IR [l & A R P2X TR PR (10 100) S L2EIE
Iha- 144K (1 + 200) VAW, 4 CLR, PBSTEIIG ,
JinAlexa Fluor 5465 iC 3yt th 404K (1 200) 5
Alexa Fluor 4885 ic L SE ek (1 2 200) IR A
T, ZEUREDE2 h, DAPIYLA , O IR A2 W B IEE
FiTmagel 5143 B P2X TR /Tha- 158 (37 20 s 451
1.2.4  ELISA: il &G BEAL 41503 Bl fi ik &
VAU BAIIIL-18 IL-18 5 & .
1.2.5 Western blotting: $2 A 58 5.8 H , BCAJL &
5, Z2SDS-PAGEHLTK % JBE  BHHAT, B 5 cleaved IL-
1B8.1L-18 .Iba-1 .P2X7R .NLRP3 ., i T~ 4H 5 B L AL 2R
H (apoptosis-associated speck-like protein containing

a CARD,ASC) . caspase-1 .cleaved caspase-1—$1 JZ
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2.1 EAMESNIK BRIk
AT 20T R, Z MW THITW LI A7
TE 5 25 114 S TE) 25500 261 18] 38500 K st 1] —2H 8] 28 H. 5%

B (MWT, Fyy59=128.653 Fyy15=196.32 \F ; ,=115.878;
TWL, Fyy=98.422 . F,=146.596 . F.,.;=89.763, ¥JP <
0.001) . AJ54 d,SNIZH . EAZ] FIEA+BzATPZHIMWT
5 TWLHShamZH 8 E FEAK (P < 0.001), HE7R SN A
FH R ARG 11 d, EAAMWT- S5 TWLESNIZ & 3%
TFiE (P <0.001), TIEA+BZzATPZHMWT TWLYY i 3%
R TEAZ (P<0.001) . WL5E1.,
2.2 EAMHISNIR BRI ot 4H T 1k
5iShamZH A L , SNIZH A B ba- 125 1 2k 18,
HRET fAlba- 141 MU 1S 2 DO R, 4B &
ISR BK ECR (P <0.001) . EAZIba-1335
2R /N B 4 A T A sz BN R R
A EA+BzATPZH /N ¢ J57 20 i 175 AL 7K P AREAZH 12 3%
[FIF (P <0.001) ULEL,

1 BHARKBRREMWTETWLELE:

Tab.1 Comparison of MWT and TWL among rat groups after surgery

Item Sham group (n =8)  SNIgroup(n=8)  EA group (n=8) EA+BzATP group (n = 8) F P
MWT (g)

0d 13.12+1.22 1292+ 1.18 12.85+1.05 1290+ 1.12 0.086 0.967

4d 11.88 £ 1.15 5.25+0.56" 530+ 0.59" 5.28+0.57" 151.074 <0.001

11d 12.75 £ 1.08 3.18 £0.52" 10.25 = 0.88” 5.65+0.75" 216.789 <0.001
TWL(s)

0d 3.50 +0.38 3.45+0.25 3.38 £0.39 3.42+£0.21 0.203 0.893

4d 3.38£0.28 2.55+0.32" 2.40 + 0.39" 2.28 +0.34" 17.654 <0.001

11d 3.25+0.27 1.18 £0.18" 3.15+0.28” 1.95 £0.22” 144.107 <0.001

1) P <0.001 vs. Sham group;2) P < 0.001 vs. SNI group;3) P < 0.001 vs. EA group.
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A, relative expression of Iha-1 protein detected by Western blotting; B, immunofluorescence staining showing the number of Iha-1" cells in the spinal dor-

sal horn (scale bar = 100 um) . *#*P < 0.001.
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Fig.1 Iba-1 expression and morphological changes of microglia in the spinal cord of rats in each group
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H1ba- 17400, JL-FJCP2X7R %3k, SNIZHP2X7RY/
Tha- 173 56 137 40 Jf 550 K P2X 7R BH A /0N i I 240 it B

P2X7R
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Merge

{534 Y. 2 B 0 (P < 0.001), HL/INBE S5 240 Jif 5 35 Ak 7B
Ao EAZHP2XTR/Tha-1"4H ff £ & S P2X7R* /N it Joi
20 0 1 A5 B R AR (P < 0.001) . EA+BzATPA
2T S PRI I TEAZ (P <0.001) JLE2,

EA+BzATP
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Fig.2 Co-expression of P2X7R and Iba-1 in the spinal dorsal horn of rats in each group

2.4 EAMHRISNIA BRUE B8 £ 2 Pk 240 M X 1 Bl 5
P2X7R/NLRP3{5 51l B %
5jSham41 A Lt , SNIZTHREIL- 18 . IL-18 7% &

cleaved IL-18.IL-18 \P2X7R \NLRP3 |ASC caspase-1 ,
cleaved caspase- 185 A X R 7 24 3 T+ (P <
0.001) EAZH FiR4a45R1 LT SNIZL (P < 0.01);
MEA+BzATPAH [R5 4519 2 5 TEAZ (P <
0.001) . W52 &3,

3 Wit

AT R FHSNIE JE AL T NPR USRS, I8
EABK G P2XTREE SR S R BZATP 11T, RGEAR T
TEAVA 8 /NI 5 40 Jg P2X7R/NLR P35 53 [

BRI 00 S LR AR 35 LS KERMWT 5 TWL
AR, R NPT i ol O ARSI,
EAT 150 AT B 4 171 -9 1) | o4 9 o B AE, 1T B2A TP
AJ i 2 R EA IR RO, MIAIESE T P2XTRIEEA
SO 0 S B A

/DN 5T A B P S T AR R NP AR AL
B PR Y | Tha- 12 /N 5T 40 0 1 4 S M
B, AT, SNIZLH HiTba- 1635 W2 T, /)
JOZ o 240 L S TR AR TR A . AT I5 AT W 3540 sk /N e Jo
A0 M 3 BE TG AL JEIba- 1323k, 45 TBzATPJG /NI
JoT 240 10 3% A KPP BE ML, B I SNIZHIR S e o
TR G 8 F— 2 UE S, 176 Ak /NS T 4 P2 X TR 5
F3K,EAT] I 25 FEAKRP2X TR /Tha-1" 35 {37 AKF-, 1
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BzATPH] BHWHZ A 55508, % WIEATE i 48 [ P2X 7R
A 42 /0N e 5 400 ML 3 Ak 22 1 . P2XTR/NLRP3 (S
S A T 20 S S 1 2 LA S
P2X 7RI 1% J5 7] #H ZEASCLH BENLRP3 S SiE /A, 172
Pcaspase-189 TI TG Ak, 2 17 9K Bl 4% 5 1 20 Bt PR 1
PR O ABIFE Y, SNIZH K B B S i o

S FIP2X7R .NLRP3 . ASC . caspase-1 M {1 4 P20 g
PR35 B i e ik . EATT 30 i A5 53 i o 2
WO I T IR RN 7K. B2ATPT 15 0]
AR EA R (5 S ST R AR SR EATR T
MRIP2XTREE ik , BHHNLRP3 ST /MA TR AL , 150 46
SiE PR RE , HETTZEARNP , 5 HAt S S 4 5 —F

F2 BAXRBERALRKXMEMEETRP2X7R/NLRPIESEEEXEARIESILE
Tab.2 Comparison of pro-inflammatory cytokine levels and expression of P2X7R/NLRP3 pathway-related proteins in the spinal cord

among rat groups

EA+BzATP group

Item Sham group (n =8) SNl group(n=8)  EA group (n=8) (n=8) F P
IL-1B (pg/mL) 1528 +2.15 68.45 +5.32 32.65 + 4.18” 49.72 + 4.86" 84.288 <0.001
IL-18 (pg/mL) 12.46 + 1.83 59.38 +4.95" 28.52 +3.94” 43.69 +4.51Y 76.330 <0.001
Cleaved IL-1B/B-action 1.00 £ 0.02 3.40 +0.05" 0.82£0.01” 3.21£0.04" 5017.630 <0.001
IL-18/B-action 1.01 £0.02 2.11+0.06" 1.23 +0.04” 1.95 +0.04" 480.611 <0.001
P2X7R 1.01 +0.03 3.64 +0.06" 1.53 £0.04” 3.55+0.04" 2 880.455 <0.001
NLRP3 1.00 +0.01 3.21+0.05" 1.54 £0.03” 2.25+0.04" 2 147.608 <0.001
Caspase-1 1.00 + 0.02 2.83 +0.05" 1.02 £0.03” 2.64 +0.04" 2217.685 <0.001
Cleaved caspase-1 1.01 £0.01 426 +0.06" 0.96 +0.01” 3.82+0.05" 5987.984 <0.001
ASC 1.01 £0.02 3.88 +0.06" 1.23 +0.04” 3.20 +0.05" 3018.173 <0.001
1) P <0.001 vs. Sham group;2) P < 0.01,3) P < 0.001 vs. SNI group;4) P < 0.001 vs. EA group.
Sham SNI EA EA+BzATP

Sham SNI EA

EA+BzATP

15 A s 10
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B-actin
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Cleaved caspase-1 W S, « 20x10°
. 2

Bactin W —— 2 x 10"

B 3 &EAKXREHEEKEMEETFRP2X7R/NLRP3E S i #4835 E A Western blotting4s 2
Fig.3 Western blotting results of pro-inflammatory factors and P2X7R/NLRP3 signaling pathway-related proteins in the spinal cord

among rat groups
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